Preemptive therapy a b s t r a c t Background: The identification of the best strategy to manage cytomegalovirus infection is hampered by uncertainties regarding the risk/benefit ratios of universal prophylaxis versus preemptive therapy, the impact of indirect cytomegalovirus effects and the associated costs.
Introduction
Cytomegalovirus (CMV) infection remains one of the most common complications affecting transplant recipients, [1] [2] [3] and has been associated with a wide spectrum of adverse events, including impaired graft function and occasional mortality. 2 Strategies for the prevention of CMV infection have been associated with significant reduction in incidence and severity of disease. 4, 5 Despite the large variability in the management of CMV infection among transplant centers two main strategies, namely universal prophylaxis or preemptive therapy, are currently used. Moreover, each of these strategies has significant variability in clinical practice, including the type of cell or molecular diagnosis, antiviral therapies, frequency of monitoring, and criteria for initiating and stopping treatment. 6 The incidence of CMV infection is primarily associated with pretransplant serological status (donor positive, recipient negative, D+/R−), use of induction with rabbit antithymocyte globulin (r-ATG), maintenance immunosuppressive regimen, and treatment for acute rejection. [7] [8] [9] Although the use of universal prophylaxis has increased since the availability of valganciclovir, there is still a debate related to the superiority of this strategy over the preemptive approach. [10] [11] [12] Data from prospective randomized trials have shown superiority of prophylaxis over preemptive therapy only in the D+/R− high risk population. Moreover, the associated costs may be a decisive factor in several countries with no pre-specified reimbursement. 13 One of the major concerns regarding preemptive therapy is that it may not prevent the indirect effects of CMV infection, despite conflicting data on its association with graft and patient survival. [14] [15] [16] In addition, second episodes of CMV viral replication have been reported in up to 30% of patients, some of which require further therapeutic intervention. 17, 18 On the other hand, in one recent study 53% of kidney transplant recipients receiving tacrolimus and mycophenolate presented transient CMV viremia that was cleared spontaneously without anti-viral treatment. 19 Considering these uncertainties, this study investigated the use of targeted preemptive therapy for CMV infection in a cohort of kidney transplant patients receiving different immunosuppressive regimens and no pharmacological CMV infection prophylaxis.
Methods

Study population
This was a single center, prospective 12-month study in de novo kidney transplant recipients. The study was conducted in compliance with Good Clinical Practice guidelines, in accordance with the Declaration of Helsinki and was approved by the local Ethics Committee. We screened patients older than 18 years, recipients of first or second kidney only transplants from brain-dead deceased or living-related donors. All patients signed an informed consent form.
Immunosuppression
Patients who received kidneys from expanded criteria donors 20 received induction therapy with 4 × 1.5 mg/kg doses of r-ATG every other day from day 1 after transplantation. The maintenance therapy consisted of 1440 mg BID of mycophenolate sodium. Tacrolimus (TAC) at initial dose of 0.05 mg/kg BID was associated from day 7. TAC doses were adjusted to maintain whole blood trough concentrations between 6 and 8 ng/mL during the first three months and between 4 and 6 ng/mL thereafter.
Patients who received kidneys from standard deceased or living donors received no induction therapy. The maintenance therapy consisted of initial TAC doses of 0.1-0.15 mg/kg BID to maintain whole blood trough concentrations between 10 and 15 ng/mL during the first month and between 8 and 12 ng/mL thereafter. Patients also received 1440 mg BID of mycophenolate sodium or azathioprine at daily doses of 2 mg/kg. All patients received 1 g methylprednisolone prior to graft revascularization and an initial 0.5 mg/kg of prednisone from day 1 tapered to 5 mg by day 45.
Prophylaxis
No pharmacological prophylaxis for CMV infection was used. All patients received oral trimethoprim-sulfamethoxazole for at least six months as prophylaxis for Pneumocystis jiroveci pneumonia or urinary tract infection, as per local practice. All patients received albendazole 400 mg for 5 days as prophylaxis for parasitic infections.
CMV management strategy
Per local practice, only patients deemed high risk for CMV infection were monitored for CMV viral replication. High risk patients were D+/R−, those who received induction therapy with r-ATG, and those treated for acute rejection. These patients were monitored every other week beginning on day 21 post transplant for CMV infection using the pp65 antigenemia test. CMV infection in asymptomatic patients was defined as the presence of >10 pp65 positive cells/200,000 leucocytes. CMV disease in symptomatic patients (fever, malaise, leukopenia, and/or thrombocytopenia) was defined as the presence of any pp65 positive cells/200,000 leucocytes. CMV tissue invasive disease was confirmed by direct identification of the virus in any tissue. Treatment of CMV infection or disease consisted of intravenous 5 mg/kg BID ganciclovir, adjusted for renal function. Treatment was monitored weekly with pp65 antigenemia test and extended for one additional week after a negative antigenemia test.
Recurrence was defined as the need for a new treatment after complete remission of the last episode.
Quantitative nucleic acid amplification test (QNAT)
Patients were monitored for viral replication every week for three months. Investigators were blinded to QNAT results. CMV DNAemia was quantified in EDTA human plasma samples using the COBAS ® AmpliPrep/COBAS ® TaqMan ® CMV test (Roche Molecular Diagnostics) according to manufacturer instructions. The test allowed for determination of CMV DNA ranging from 150 to 10,000,000 copies/mL. A copy of CMV DNA is equivalent to 0.91 International Units (IU) based on the 1st WHO International Standard for human CMV techniques for nucleic acid amplification. 21
Efficacy and safety
Delayed graft function was defined as the need for at least one dialysis during the first week after transplantation. All patients with suspected acute rejection underwent a core graft biopsy and were classified according to Banff 2007 criteria. 22 Treatment with methylprednisolone or r-ATG was considered according to clinical and histological severity analysis. All corticosteroid-resistant acute rejection episodes were confirmed by biopsy and treated with r-ATG. Glomerular filtration rate (GFR) was calculated using the MDRD formula 23 at 1 and 12 months.
Statistical analysis
Descriptive analyses were summarized as mean and standard deviation or proportions. Categorical variables were compared using Chi-square test. Continuous variables were compared using ANOVA test. Univariate and multivariate logistic regression analyses were performed to identify risk factors associated with CMV infection/disease and with renal function at 12 months. All statistical analyses were performed using the SPSS 18 standard software (SPSS Inc., Chicago, IL, USA) and differences were considered significant at a p-value <0.05.
Results
Of 155 screened patients, 144 patients were enrolled between March 2013 and August 2013. Eleven patients were excluded from this analysis, four due to missing donor CMV serologic information, six received alternative immunosuppressive regimens, and one was lost to follow up. Demographic characteristics of the study population (n = 144) are shown in Table 1 .
The majority of the patients tested positive for CMV before 
CMV infection/disease
The overall incidence of first CMV infection/disease was 51% (73/144), 65% infection and 35% disease, with a global recurrence incidence of 23% (17/73), 71% (12/17) being recurrence infection and 29% (5/17) recurrence of disease. None of the patients developed tissue invasive disease. Mean time to first CMV event and the duration of treatment were similar among patients with infection or disease ( Table 2) . Of the 73 first episodes of CMV infection/disease, 56 (77%) occurred in high risk patients during preemptive therapy (1 D+/R−, 38 who received induction therapy, and 17 after treatment of acute rejection) and 17 (23%) in low risk patients (no induction, no D+/R−, no acute rejection) who had not received preemptive therapy.
Of the four patients in the high-risk D+/R− group one patient (25%) who also received induction therapy developed CMV infection. Of the 55 R+ patients who received induction therapy 38 (69%) developed CMV infection/disease before any treatment for acute rejection. Out of 37 patients treated for acute rejection (11 received induction therapy) 17 (46%) developed CMV infection/disease, seven after treatment with methylprednisolone and 10 after treatment with methylprednisolone and r-ATG. The incidence of CMV infection/disease after treatment for acute rejection was higher among patients who received induction therapy (8/11, 71%) compared to those without induction therapy (9/26, 35%). In low risk patients (R+, no induction, and no rejection), the incidence of CMV infection/disease was 28% (17/61).
There were 18 recurrent CMV infection/disease episodes, with 16 patients presenting one and one patient presenting two episodes. Recurrent episodes occurred in 14 patients who received induction therapy (five were treated for acute rejection before the first CMV episode) and in three patients that did not receive induction therapy but were treated for acute rejection before the first CMV episode. The number of pp65 positive cells tended to be higher in patients with infection versus disease, in patients receiving no induction, and in patients treated for acute rejection ( Table 2 ).
CMV viral replication by QNAT
Data derived from blinded monitoring of CMV viral load by nucleic acid amplification test is shown in Table 3 . The correlation between the number of pp65 positive cells and CMV copies/mL is expressed by an r 2 = 0.633 (p < 0.001). CMV viral replication was initially detected by week 3 after transplantation. High interindividual variability in CMV DNAemia was observed in patients developing CMV infection or disease. DNAemia tended to be higher among patients with CMV disease compared to infection.
Among 71 patients who were not diagnosed with CMV infection/disease based on pp65 antigenemia test, 50 did not show any DNAemia and 21 (30%), 3 D+/R−, 8 who received induction therapy, 3 MPS and 10 AZA, presented asymptomatic transient DNAemia with up to 9000 copies/mL during the first three months after transplantation ( Table 3) .
The receiver operating characteristic analysis (AUC = 0.762 ± 0.037, p < 0.001) showed that CMV DNAemia ≥722 UI/mL was associated with a sensitivity of 67% and 80% specificity to detect CMV infection diagnosed by pp65 antigenemia test. Likewise, the receiver operating characteristic analysis (AUC = 0.849 ± 0.042, p < 0.001) showed that CMV 
Efficacy and safety
The incidence of first treated biopsy confirmed acute rejection was 26% and was higher among patients receiving AZA compared to MPS. Overall there were 48 treated acute rejection episodes, 3 graft losses, and 4 deaths during the first year after transplantation. Mean GFR at one month was 37.18 ± 19.73 ml/min with no difference comparing patients with or without CMV infection/disease (39.19 ± 20.40 vs. 31.85 ± 17.17 ml/min, p = 0.158), respectively. At 12 months mean GFR was lower in patients with CMV infection and/or acute rejection compared to patients without these events (Table 4 ).
Risk factors associated with CMV infection/disease and renal function at 12 months
Donor age, expanded criteria donor, use of induction therapy, use of MPS, and renal function 30 days after transplantation were risk factors associated with CMV infection/disease. After multivariate analysis, only induction therapy remained independently associated with CMV infection/disease; renal function at 30 days reached marginal significance (p = 0.054) ( Table 5 ). Conversely, expanded criteria donor, time on dialysis, D+/R−, use of induction therapy, use of MPS, CMV infection/disease, and renal function 30 days after transplantation were risk factors associated with renal function 12 months after transplantation. After multivariate analysis, only expanded donor criteria and renal function 30 days after transplantation were independently associated with renal function 12 months after transplantation ( Table 6 ).
Discussion
This study described the incidence and risk factors for CMV infection/disease in a cohort of kidney transplant recipients receiving no pharmacological prophylaxis. Furthermore, preemptive strategy was used only in patients deemed high risk for CMV infection/disease (D+/R−, use of r-ATG induction therapy, or after treatment of acute rejection). The overall incidence of CMV infection was 34% and CMV disease was 17% based on pp65 antigenemia. Importantly, of 73 patients in the first episode of CMV infection/disease, 17 (23%) presented at least one recurrent event, but no episodes of tissue invasive disease or late CMV infection (> 6 months) were observed. A recent study showed 33% recurrence rate and identified high viral load at initial diagnosis as independent risk factor. 24 In our cohort of patients peak DNAemia ranged from 142 to 81.382 UI/mL during CMV infection and from 142 to 630.327 UI/mL during CMV disease. The prevalence of the high risk D+/R− group (2.8%) was lower compared to that observed in Europe or North America. The incidence of CMV infection/disease in this group was only 25%. Nevertheless, in one larger prospective trial including 288 patients with similar demographic characteristics and receiving only preemptive therapy, the prevalence of the high risk D+/R− group was also low (5.2%), but the incidence of CMV infection/disease was 63%. 25 The incidence of CMV infection/disease was 84% in patients receiving r-ATG induction therapy, confirming the results of previous studies. 26, 27 A recent meta-analysis showed that the risk of developing CMV infection/disease is 60% higher in patients receiving r-ATG induction therapy. 28 Other reviews suggested that r-ATG induction therapy was associated with increased incidence of CMV infection/disease if prophylaxis were not used 29 or when compared with basiliximab in low immunological risk patients. 30 The incidence of CMV infection/disease was 48% (37/77) after treatment for acute rejection, confirming the need to restart preemptive therapy recommended by recent guidelines. 2 A recent study showed that acute rejection was an independent risk factor associated with a 2.8-fold increased risk for tissue-invasive CMV disease within six months of kidney transplantation. 31 On the other hand, in low risk patients (R+, no induction therapy, and no acute rejection) the incidence of CMV infection/disease was 28%. Furthermore, 15% (21/144) of the patients presented transient DNAemia (peak DNAemia ranging from 162 to 8389 UI/mL) during the first three months after transplantation. In one study where patients were treated only based on clinical suspicion, transient DNAemia was observed in 53% of the patients. 19 DNAemia tended to be higher in patients with disease compared to infection, perhaps due to early treatment prompted by preemptive therapy. All patients in this study were successfully treated with ganciclovir and no ganciclovir resistant mutations were detected. Therefore, none of these patients were treated with foscarnet. 1 Using receiver operating characteristic analysis the optimal cutoff concentration for CMV disease was 2.169 UI/mL, which is comparable to that observed in a cohort of CMV seropositive solid organ transplant recipients (3983 UI/mL), 32 in 97 liver transplant recipients (2000-5000 copies/mL), 33 and in 102 D+/R+ kidney transplant recipients receiving tacrolimus, mycophenolate and prednisone (1920 IU/mL). 19 On the other hand, higher cutoff values were proposed in other studies. [34] [35] [36] This apparent discrepancy may be due to differences in ethnic background, donor/recipient pretransplant CMV serostatus, immunosuppressive regimens used, biological sample (plasma versus blood), and the QNAT used. This observation highlights the need to validate locally the strategy used to monitor CMV viral replication.
The recurrence rate of CMCV infection in our cohort of patients was 23% (17 of 73 patients with CMV infection/disease), which is lower than the 30% suggested in the last consensus (2) . Of these 17 recurrent episodes, 12 (71%) were CMV infection and 5 (29%) CMV disease, suggesting that the preemptive strategy based on antigenemia test was adequate. The option to trigger treatment earlier based on the lower cutoff value of ≥722 UI/mL for CMV infection is a matter of debate, considering the low proportion of patients with CMV recurrence who ultimately developed disease and the unnecessary treatment of those patients with low self-limited viral replication. Individual assessment, based on CMV viral replication kinetics and more frequent and prolonged monitoring is perhaps the ideal strategy, considering that recurrent episodes were diagnosed up to 106 days after completion of first treatment.
Among recognized risk factors associated with CMV infection/disease after transplantation, r-ATG induction was associated with an almost 8-fold increased risk compared to no induction. The representation of the high risk D+/R− group was too small to detect an association with CMV infection/disease. Interestingly, renal function at the end of the first month after transplant was associated with 2-times higher risk of development of CMV infection/disease. In a recent study, the prevalence of interstitial fibrosis and tubular atrophy at six weeks after transplantation was 3-fold higher in patients who experienced CMV infection later-on, compared to patients without CMV. 37 In this study only a small difference in GFR measured at six weeks was observed comparing patient with or without CMV (57 ± 23 vs. 61 ± 23 ml/min; p = 0.083), similar to our observation.
Finally, it has been suggested that CMV infection/disease and acute rejection are associated with reduced renal function. 1, 38 In our cohort we were unable to find an independent association between CMV infection/disease or acute rejection and renal function at the end of the first year after transplantation. Instead, only expanded criteria donor and renal function at the end of first month were associated with inferior renal function at 12 months.
This study has some limitations, including the relative small sample size, low representation of the high risk D+/R− group, short follow up, unique demographic characteristics of the study population and immunosuppressive strategies used in a single center, and the findings may not be directly extrapolated to other kidney transplant recipients.
Strategies to manage CMV infection are evolving despite the growing use of universal prophylaxis. The high incidence of transient spontaneously resolved asymptomatic CMV viremia, the costs and adverse events associated with universal prophylaxis and late CMV infection after its discontinuation, and the uncertainties of the effect of CMV DNAemia on graft and patient outcomes are the driving reasons for the continued search for alternative strategies. Our data suggests that targeted preemptive therapy in patients with perceived higher risk for CMV infection/disease (D+/R−, use of r-ATG, treatment of acute rejection) is effective in preventing severe clinical presentation, including tissue invasive and late CMV infection. Furthermore, substitution of azathioprine and mycophenolate by mTOR inhibitors may further reduce the incidence and recurrence of CMV infection in patients receiving no pharmacological prophylaxis. Eventually, monitoring of CMV viral replication will be performed only in high risk patients and in those discontinuing the use of mTOR inhibitors. 25 These effective strategies are associated with direct and indirect cost-savings and reduced use of human resources.
